3GPP TSG-RAN WG4 Meeting # 110											               R4-2402672
Athens, GR, 26 Feb – 01 Mar, 2024

Agenda item:			8.12.4
Source:	Moderator (CAICT)
Title:	Topic summary for [110][332] NR_MIMO_OTA_enh
Document for:	Information
Introduction
This topic summary covers discussions for Rel-18 NR_MIMO_OTA_enh WI (AI 8.12) with the following topics: 
· Topic 1: FR1 MIMO OTA
· Topic 2: FR2 MIMO OTA
· Topic 3: CRs to Internal TR 38.761
Topic #1: FR1 MIMO OTA
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2400030
	CAICT
	Template for 3GPP Rel-18 FR1 MIMO OTA Measurement Campaign

	R4-2400032
	CAICT
	CDL-C UMa channel model validation results for band n1
Observation 1: CAICT has completed a full set of MIMO OTA channel model validation for CDL-C UMa at band n1. The following characteristics have been validated: TCF, SCF, PDP, Cross-polarization, and Power validation. 

	R4-2400033 (Reserved)
	CAICT
	Analysis of 3GPP Rel-18 FR1 MIMO OTA lab alignment results

	R4-2400193
	Apple
	On FR1 MIMO OTA Lab Alignment PADs measurement results

	R4-2400195
	Apple
	On FR1 MIMO OTA channel model validation

	R4-2400267
	Huawei Tech.(UK) Co.. Ltd
	on 2Rx vs 4Rx performance in 2x2 MIMO
Observation 1: the TRMS offset between 4Rx and 2Rx could be in the range of [2.5] dB, pending simulations for non AWGN channels.

	R4-2400534
	MVG Industries, Spirent, Apple, ETS-Lindgren, Telecom Italia, Sony
	Update to FR1 Channel model validation (CR to TS 38.151)
Summary: Removed the statement that the Power Validation measurement may be considered a systematic offset.

	R4-2400535
	MVG Industries ,Apple, Spirent, ETS-Lindgren, Telecom Italia, Sony
	Discussion Paper on 38.151 C3.6
Proposal 1: Remove the statement in C3.6 that allows the power validation result to be considered a systematic offset (see R4-2400534)
Proposal 2:  Ensure that the labs participating in the FR1 MIMO OTA lab alignment activity report the offset that has been applied to the TRMS results.
[bookmark: _Hlk159509094]Proposal 3:  Disallow the power validation systematic offset to be applied when determining FR1 MIMO OTA performance requirements.

	R4-2400536
	MVG Industries, Keysight, Spirent
	Update to FR1 Calibration Procedure (CR to TS 38.151)
Summary: Added a note stating that other calibration methods are not excluded.

	R4-2401184
	Xiaomi
	Channel model validation results for Band n1, n5 and n8
Observation 1: the channel model validation for Bands n1, n5 and n28 has been validated including TCF, SCF, PDP, Cross-polarization. It can be observed that the measurement results match well with the reference ones, meeting the pass/fail limits requirements.

	R4-2401804
	OPPO
	UE positioning for FR1 MIMO OTA
Proposal: To avoid misalignment and ambiguity, align the three coordinate systems, i.e. DUT coordinate system, Channel model coordinate system and chamber coordinate system, for FR1 MIMO OTA test methodology.

	R4-2401805
	OPPO
	Consideration on FR1 MIMO OTA measurement campaign
Proposal 1: Add one more threshold for specifying FR1 MIMO OTA performance requirement, i.e. Minimum number of models for defining requirement for each band: 12.
Proposal 2: If the amount of collected measurement data highly exceeds the minimum threshold, e.g. more than 15 models are measured during the campaign, it is proposed to merge those measurement data from the same model. The method of merging data can be further discussed.

	R4-2402310
	Google Inc.
	Discussion on FR1 MIMO OTA testing method
Observation 1: So far as we know that at least one UE vendor would only support “1T2R” for SRS switching pattern but four layers with 4Rx can be supported for DL MIMO transmission in some NR bands, e.g., n41, at least on some mid-end devices. 
Proposal 1: It is proposed not to use IE srs-TxSwitch or srs-TxSwitch-v1610 to differentiate 2Rx capable UE from 4Rx capable UE in a target testing RF band for FR1 MIMO OTA testing.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 FR1 MIMO OTA test methodology
Issue 1-1-1: UE positioning for FR1 MIMO OTA
· Proposals
· Proposal 1 (OPPO): To avoid misalignment and ambiguity, align the three coordinate systems, i.e. DUT coordinate system, Channel model coordinate system and chamber coordinate system, for FR1 MIMO OTA test methodology.
· Recommended WF
· Companies are invited to share views.  It would be good to avoid any ambiguity of UE positioning and the coordinate system.

Issue 1-1-2: Power validation systematic offset
· Proposals
· Proposal 1 (MVG, Apple, Spirent, ETS-Lindgren, Telecom Italia, Sony): Remove the statement in TS 38.151 C3.6 that allows the power validation result to be considered a systematic offset (the corresponding CR is in R4-2400534)
· Recommended WF
· Companies are invited to share views.  The effect on the progress of lab alignment activity and measurement campaign should be minimized. 

Issue 1-1-3: Update to FR1 Calibration Procedure
· Proposals
· Proposal 1 (MVG, Keysight, Spirent): Agree the CR in R4-2400536 on FR1 calibration procedure.
· Recommended WF
· Companies are invited to share views.  Check the cover page. 

Sub-topic 1-2 FR1 MIMO OTA channel model validation results
Background: It was agreed that RAN4 will specify MIMO OTA requirements for bands < 1GHz based on the data from Rel-18 aligned labs, and specify MIMO OTA requirements for bands > 1GHz based on the data from Rel-17 aligned labs. Labs shall complete channel model validation before performing MIMO OTA test. 
	[image: ]			[image: ]
(a) for bands <1GHz (n5/n8/n28)                    (b) for bands >1GHz (n1/n77)
Fig. 1.  Work flow of FR1 MIMO OTA performance requirements development


Besides, performance requirements for bands n28, n5, and n1 were agreed to be prioritized. 
For band n1, RAN4 agreed to define 4x4 MIMO OTA requirements for 4Rx UE first in Rel-18.  Thus, channel mode validation for 4x4 MIMO OTA at band n1, i.e., CDL-C UMa channel model, is required.

Moderator summarized the status of channel model validation in each volunteer lab for easy tracking. 
For bands <1GHz, the current status of each Rel-18 volunteer lab is as below:
	Lab
	Band
	PDP
	Doppler
	Spatial correlation
	V/H
	Power validation

	Apple
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	√ *

	CAICT
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	n5: √
n8: NA

	CMCC&BUPT
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	NA

	MediaTek
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	√

	Xiaomi
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	√
	√
	√
	√
	√

	OPPO
	n28
	√
	√
	√
	√
	√

	
	n5/n8
	NA
	NA
	NA
	NA
	NA

	*Moderator’s note: According to TS 38.151 Table C.3.1-2, power validation should be conducted at the center frequency of each, i.e., 881.5MHz for band n5, 942.5MHz for n8.



For bands <1GHz, the current status of each Rel-17 aligned lab is as below:
	Lab
	Band and
Channel model 
	PDP
	Doppler
	Spatial correlation
	V/H
	Power validation

	Apple
	n1 CDL-C UMi
	√
	√
	√
	√
	√ *

	
	n1 CDL-C UMa
	NA
	NA
	NA
	NA
	NA

	CAICT
	n1 CDL-C UMi
	√
	√
	√
	√
	√

	
	n1 CDL-C UMa
	√
	√
	√
	√
	√

	CMCC&BUPT
	n1 CDL-C UMi
	√
	√
	√
	√
	NA

	
	n1 CDL-C UMa
	NA
	NA
	NA
	NA
	NA

	Huawei
	n1 CDL-C UMi
	NA
	NA
	NA
	NA
	NA

	
	n1 CDL-C UMa
	NA
	NA
	NA
	NA
	NA

	MediaTek
	n1 CDL-C UMi
	√
	√
	√
	√
	√

	
	n1 CDL-C UMa
	NA
	NA
	NA
	NA
	NA

	Xiaomi
	n1 CDL-C UMi
	√
	√
	√
	√
	√

	
	n1 CDL-C UMa
	NA
	NA
	NA
	NA
	NA

	*Moderator’s note: According to TS 38.151 Table C.3.1-2, power validation should be conducted at the center frequency of each, i.e., 2140MHz for band n1.



Issue 1-2: Completing channel model validation for band n1 4x4 MIMO
· Proposals
· Proposal 1 (Moderator): Encourage Rel-17 aligned labs to complete CDL-C UMa channel model validation for 4x4 MIMO at band n1 no later than RAN4#110-bis (Apr. 2024), and contribute to Measurement Campaign for band n1. 
· Recommended WF
· Agree to Proposal 1.

Sub-topic 1-3 FR1 MIMO OTA lab alignment
Background: As agreed in R4-2321137, the lab alignment is targeted to be concluded at this meeting: 
	3.3.1 Time plan for bands < 1GHz
…
5. Collect all lab alignment measurement results from lab volunteers based on contribution-driven manner at RAN4#109 (Nov 2023) and RAN4#110 (Feb 2024). Conclude the lab alignment outcome at RAN4#110 (Feb 2024). Measurement Campaign can start after RAN4#109 immediately, if ≥ 3 labs are tentatively confirmed as aligned.    
…
8. Collect measurement results of commercial devices from aligned labs based on contribution-driven manner in RAN4#110 (Feb 2024) and RAN4#110-bis (Apr 2024). 
…



Issue 1-3-1: Current outcome of Rel-18 FR1 MIMO OTA lab alignment
5 volunteer labs submitted measurement results of three PADs at the last meeting. Apple submitted the measurement result of PAD_2 at this meeting in R4-2400193. 
The summary of currently available measurement results is shown in Table 1 and Figs. 1~2. 
Table 1.  Summary of currently available measurement results
	Device
	Band
	TRMS measurement result [dBm/15kHz]
	Average
approach
	Average
value
	Max-Min
deviation

	
	
	Lab 1
	Lab 2
	Lab 3
	Lab 4
	Lab 5
	Lab 6
	
	
	

	PAD_1
	n28
	-89.34
	-90.58
	-89.95
	-88.26
	-89.22
	-91.39
	Linear
average
	-89.47
	2.32

	PAD_2
	n28
	-86.46
	-88.39
	-88.61
	-85.50
	-85.86
	-87.38
	
	-87.03
	3.12

	PAD_3
	n28
	-86.26
	-89.80
	-88.75
	-86.19
	-86.49
	-88.00 
	
	-87.50
	3.61

	Device
	Band
	TRMS offset [dBm/15kHz]
	Pass/fail limit

	
	
	Lab 1
	Lab 2
	Lab 3
	Lab 4
	Lab 5
	Lab 6
	

	PAD_1
	n28
	0.13
	-1.11
	-0.48
	1.21
	0.25
	-1.60
	+/- 0.75 MU, i.e., +/- 2.25 dB

	PAD_2
	n28
	0.57
	-1.35
	-1.58
	1.54
	1.17
	-0.35
	

	PAD_3
	n28
	1.23
	-2.30
	-1.25
	1.31
	1.01
	-0.42
	




[image: ]
Fig. 1  FR1 MIMO OTA lab alignment currently available measurement results

[image: ]
Fig. 2  Deviation between each measurement result and the average value

· Proposals
· Proposal 1 (Moderator): Based on the measurement results and the agreed pass/fail limits, RAN4 concludes Rel-18 FR1 MIMO OTA lab alignment activity with the following outcome: 
· All 6 labs are aligned at band n28. 
· Recommended WF
· Conclude the lab alignment activity at this meeting.
· Capture the measurement results and the outcome in the analysis document R4-2400033. 

Issue 1-3-2: Effect of power validation systematic offset on lab alignment
· Proposals
· Proposal 1 (MVG, Apple, Spirent, ETS-Lindgren, Telecom Italia, Sony): Ensure that the labs participating in the FR1 MIMO OTA lab alignment activity report the offset that has been applied to the TRMS results. 
· Recommended WF
· If Proposal 1 in Issue 1-1-2 is agreed, the lab alignment outcome should be based on the measurement results without power validation systematic offset. 

For information: 
Moderator collected the offset values from volunteer labs that they applied to the TRMS results, listed as below: 
	
	Lab 1
	Lab 2
	Lab 3
	Lab 4
	Lab 5
	Lab 6

	Systematic offset applied to the TRMS results (dB)
	0
	-0.46
	0.48
	0
	0
	0.36



The summary of lab alignment measurement results without systematic offset is shown in Table 2 and Figs. 3~4. It can be observed that the lab alignment outcome would NOT be affected by the systematic offset. 
Table 1.  Summary of lab alignment results (without systematic offset)
	Device
	Band
	TRMS measurement result [dBm/15kHz]
	Average
approach
	Average
value
	Max-Min
deviation

	
	
	Lab 1
	Lab 2
	Lab 3
	Lab 4
	Lab 5
	Lab 6
	
	
	

	PAD_1
	n28
	-89.34
	-90.12
	-90.43
	-88.26
	-89.22
	-91.75
	Linear
average
	-89.47
	2.17

	PAD_2
	n28
	-86.46
	-87.93
	-89.09
	-85.50
	-85.86
	-87.74
	
	-87.04
	3.60

	PAD_3
	n28
	-86.26
	-89.34
	-89.23
	-86.19
	-86.49
	-88.36
	
	-87.50
	3.15

	Device
	Band
	TRMS offset [dBm/15kHz]
	Pass/fail limit

	
	
	Lab 1
	Lab 2
	Lab 3
	Lab 4
	Lab 5
	Lab 6
	

	PAD_1
	n28
	0.14
	-0.65
	-0.96
	1.21
	0.25
	-1.90
	+/- 0.75 MU, i.e., +/- 2.25 dB

	PAD_2
	n28
	0.58
	-0.89
	-2.06
	1.54
	1.18
	-0.64
	

	PAD_3
	n28
	1.24
	-1.84
	-1.73
	1.32
	1.01
	-0.71
	



[image: ]
Fig. 1  FR1 MIMO OTA lab alignment measurement results (without systematic offset)

[image: ]
Fig. 2  Deviation between each measurement result and the average value (without systematic offset)

Sub-topic 1-4 FR1 MIMO OTA requirements related work 
Issue 1-4-1: Threshold and Data processing for deriving performance requirements
· Proposals
· Proposal 1 (OPPO): Add one more threshold for specifying FR1 MIMO OTA performance requirement, i.e. Minimum number of models for defining requirement for each band: 12.
· Proposal 2 (OPPO): If the amount of collected measurement data highly exceeds the minimum threshold, e.g. more than 15 models are measured during the campaign, it is proposed to merge those measurement data from the same model. The method of merging data can be further discussed.
· Recommended WF
· Companies are invited to share views. 

Issue 1-4-2: Template for FR1 MIMO OTA Measurement Campaign
· Proposals
· Proposal 1 (CAICT): Approve the template in R4-2400030 for volunteer labs to submit measurement data for FR1 MIMO OTA Measurement Campaign to define performance requirements.
· Recommended WF
· Review and approve the template.

Issue 1-4-3: Effect of power validation systematic offset on the data pool for performance requirements
· Proposals
· Proposal 1 (MVG, Apple, Spirent, ETS-Lindgren, Telecom Italia, Sony): Disallow the power validation systematic offset to be applied when determining FR1 MIMO OTA performance requirements. 
· Recommended WF
· If Proposal 1 in Issue 1-1-2 is agreed, the performance requirements should be based on the measurement data without power validation systematic offset. 

Issue 1-4-4: Whether IEs can be used to identify 2Rx UE and 4Rx UE
· Proposals
· Proposal 1 (Google): Not to use IE srs-TxSwitch or srs-TxSwitch-v1610 to differentiate 2Rx capable UE from 4Rx capable UE in a target testing RF band for FR1 MIMO OTA testing.
· Recommended WF
· Based on Observation 1 in the contribution R4-2402310, Proposal 1 is agreeable. 

Issue 1-4-5: Offset between FR1 MIMO OTA performance for 4Rx and 2Rx UEs at band n1
Background: At the last meeting, the following agreements were captured in the WF:
	Issue 1-4-1: Which MIMO OTA requirements should be defined for band n1
Agreement:
· RAN4 should define 4x4 MIMO OTA requirements for 4Rx UE first in Rel-18, considering 4Rx UEs at band n1 is the majority on the market and mandatory in some countries/regions.
· Not to define 2x2 MIMO OTA requirements for 4Rx UE.
· Not to perform measurement campaign for 2Rx UE.
· Study and investigate an offset between FR1 MIMO OTA performance for 4Rx and 2Rx UEs at band n1



· Observations
· Observation 1 (Huawei): the TRMS offset between 4Rx and 2Rx could be in the range of [2.5] dB, pending simulations for non AWGN channels.
· Recommended WF
· Companies are welcome to share views if any. 

Topic #2: FR2 MIMO OTA
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2400031
	CAICT
	Template for 3GPP FR2 MIMO OTA Measurement Campaign

	R4-2400194
	Apple
	[bookmark: _Hlk159421890]On FR2 MIMO OTA Lab Alignment PADs measurement results

	R4-2402255
	Samsung
	Discussion of FR2 MIMO OTA on PC3 campaign and PC1 metric
Proposal 1:	Further encourage companies to volunteer FR2 devices to test lab before measurement campaign is finished. It is suggested for companies to provide devices at least two weeks before April meeting starts. 
Proposal 2:	For FR2 PC1 MIMO OTA, the performance metric is to be specified with 5 of 36 test points

Where {P70,1, …, P70,5} are the best 5 sensitivity values from all the 36 constant density measurement points.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 Figure of Merit (FoM) for PC1 UE
The related Objective in the WID (RP-233742):
	· Decide the FoM and criteria for FR2 MIMO OTA for other device types.
· UEs with other power classes (PC), e.g., PC1




Issue 2-1: FoM of FR2 MIMO OTA for PC1 UE
· Proposals 
· Proposal 1 (Samsung): For FR2 PC1 MIMO OTA, the performance metric is to be specified with 5 of 36 test points

Where {P70,1, …, P70,5} are the best 5 sensitivity values from all the 36 constant density measurement points.
· Recommended WF
· Proposal 1 applied the same principle as that for PC3 UE, it is suggested to agree to the proposal. 

Sub-topic 2-2 FR2 MIMO OTA Lab Alignment Activity
As agreed in R4-2321138, the FR2 MIMO OTA Lab Alignment Activity is targeted to be concluded at RAN4#110-bis (Apr 2024):
	2.3 Time plan
…
5. Collect all lab alignment measurement results from lab volunteers based on contribution-driven manner in RAN4#110 (Feb 2024) and RAN4#110-bis (Apr 2024). Conclude the lab alignment outcome in RAN4#110-bis. Measurement data collection can start before RAN4#110 by volunteer labs.
…



Issue 2-2: FR2 MIMO OTA lab alignment measurement results
· Observations
· Observation 1: Apple submitted their measurement results of all PADs in R4-2400194.
· Recommended WF
· Volunteer labs are encouraged to share their status and progress, based on which the further plan and potential adjustments of lab alignment can be discussed. 

Sub-topic 2-3 FR2 MIMO OTA Measurement Campaign 
The approved time plan of Measurement Campaign is as below (R4-2321138):
	2.3 Time plan
…
6. Companies are encouraged to prepare and purchase commercial devices for the Measurement Campaign as early as possible. Count the number of the commercial devices no later than RAN4 #109 (Nov 2023) to estimate how much measurement data can be collected. Providers should make sure the commercial devices are ready by the end of RAN4#110 (Feb 2024). 
7. Collect measurement results of commercial devices from aligned labs based on contribution-driven manner in RAN4#110-bis (Apr 2024) and RAN4#111 (May 2024). 
8. Conclude FR2 MIMO OTA performance requirements at or before RAN4#111 (May 2024). 
…



Issue 2-3-1: Devices provision for FR2 MIMO OTA Measurement Campaign
· Proposals
· Proposal 1 (Samsung): Further encourage companies to volunteer FR2 devices to test lab before measurement campaign is finished. It is suggested for companies to provide devices at least two weeks before April meeting starts.
· Recommended WF
· Proposal 1 is agreeable. Companies are encouraged and appreciated to volunteer FR2 devices. 
· Other proposals are also encouraged. 

Issue 2-3-2: Template for FR2 MIMO OTA Measurement Campaign
· Proposals
· Proposal 1 (CAICT): Approve the template in R4-2400031 for volunteer labs to submit measurement data for FR2 MIMO OTA Measurement Campaign to define performance requirements.
· Recommended WF
· Review and approve the template

Topic #3: CRs to Internal TR 38.761
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2400029
	CAICT, CMCC, BUPT
	CR to TS 38.761 on FR1 MIMO OTA channel model validation results
Summary: Add power validation results for band n28 submitted by Lab 2 in R4-2313899.

	R4-2400198
	Mediatek India Technology Pvt.
	Update to the FR1 channel model validation results (CR to TR 38.761)
Summary: Update Cross-polarization and Power validation results of Lab 4.

	R4-2402949 
	Xiaomi
	CR to TR 38.761 update the lab 5 channel model validation for n28 (Replace R4-2401185 TP for TR 38.761 update the lab 5 channel model validation for n28)
Summary: Update the power verification results of lab 5

	R4-2402950
	Xiaomi
	CR to TR 38.761 on the remaining lab 5 channel model validation for n41 and n78 (Replace R4-2401186 TP for TR 38.761 on the remaining lab 5 channel model validation for n78 and n41)
Summary: Add the remaining channel model validation on cross-polarization and power validation of lab 5 for bands n41 and n78



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1 CRs to TR 38.761 on channel model validation results
Issue 3-1-1: CR on FR1 channel model validation results from Lab 2 (R4-2400029)
· Recommended WF
· The change is agreeable. Check the cover page. 

Issue 3-1-2: CR on FR1 channel model validation results from Lab 4 (R4-2400198)
· Recommended WF
· The change is agreeable. Check the cover page. 

Issue 3-1-3: CRs on FR1 channel model validation results from Lab 5 (R4-2402949, R4-2402950)
· Recommended WF
· The change is agreeable. Check the cover page. 
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